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(57) ABSTRACT

Disclosed herein 1s a method for preparing a molding material
for a fuel cell separator by dissolving an epoxy resin, a hard-
ener and other additives 1n acetone and mixing a planar
expanded graphite powder with the solution. Further dis-
closed are a molding material prepared by the method and a
tuel cell separator produced from the molding material. The
tuel cell separator shows very low gas permeability, superior
clectrical conductivity, sufficient strength, and maximized
uniformity throughout the overall structure of the finished
product.

7 Claims, 4 Drawing Sheets
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MOLDING MATERIAL FOR FUEL CELL
SEPARATOR AND METHOD FOR
PREPARING THE SAMLEL

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a molding material for a
tuel cell separator, a method for preparing the material, a fuel
cell separator produced from the molding maternial, and a tuel
cell comprising the separator.

A stack, the most important constituent unit of a fuel cell,
1s composed of a membrane electrode assembly and a bipolar
plate called a ‘separator’. The separator 1s a core element
acting as a passage for supplying hydrogen and oxygen to the
membrane electrode assembly and transierring electrons gen-
crated by a catalytic reaction, and at the same time, playing a
role 1n separating umt cells so as to maintain nsulation
between the unit cells. For these reasons, fuel cell separators
are required to have basic characteristics, such as flexural
strength, gas permeability and electrical conductivity, to
some extent.

2. Description of the Related Art

Metal separators have been used in conventional fuel cells,
but have problems of severe corrosion at contact sites with
clectrolytes, thus deteriorating the performance and shorten-
ing the service life of the fuel cells. Under such circum-
stances, separators made ol carbon materials have drawn
attention in terms of superior corrosion resistance. Graphite 1s
the most representative carbon material. Graphite 1s superior
in both corrosion resistance and chemical resistance, and
shows high electrical conductivity comparable to metals. For
these reasons, graphite separators are currently in the spot-
light as substitutes for metal separators.

However, since graphite 1s difficult to process into a desired
shape, 1t incurs much higher processing costs than the price of
graphite alone, which 1s economically disadvantageous 1n
terms of the overall production costs. Accordingly, there have
been introduced carbon composite separators that can be
molded into desired shapes while maintaining the inherent
characteristics of graphite, including superior chemical resis-
tance and electrical conductivity.

These carbon composite separators are generally produced
by mixing a graphite powder and a thermosetting or thermo-
plastic resin, and molding the mixture via compression mold-
ing or injection molding. Graphite powders commonly used
for this purpose are divided 1nto spherical graphite powders
and planar graphite powders in terms of their shape, and
natural graphite powders and expanded graphite powders in
terms of their preparation manner. In addition, as thermoset-
ting resins, unsaturated polyester resins, epoxy resins, and
phenol-based resins are used.

The use of spherical graphite powders or natural graphite
powders 1n the production of tuel cell separators causes prob-
lems of low gas permeability, low electrical conductivity and
poor strength characteristics. Particularly, additional use of
powdery resins enables dry mixing and thus the overall pro-
cedure 1s advantageously simplified. However, the use of
powdery resins degrades the dispersibility of the raw materi-
als, causing heterogeneity 1n the finished products. Further,
additives for improving the performance of the final products
have extremely limited applicability. As a result, the above-
mentioned problems lead to the manufacture of fuel cell
stacks with low energy efficiency.

SUMMARY OF THE INVENTION
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The present inventors have earnestly and intensively con-
ducted research to solve the alorementioned problems, and as
a result, have found that a mixture obtained by dissolving an
epoxXy resin, a hardener, and other additives in acetone and
mixing a planar expanded graphite powder with the solution
can be used as amolding material for a fuel cell separator with
very low gas permeability, superior electrical conductivity,
suificient strength, and maximized umiformity of physical
properties throughout the overall structure of the finished
product. The present mnvention has been achieved based on
these findings.

It 1s an object of the present invention to provide a method
for preparing a molding material for a fuel cell separator with
very low gas permeability, superior electrical conductivity,
suificient strength, and maximized uniformity of physical
properties throughout the overall structure of the finished
product, by combining optimum selection of raw materials
and suitable processes for the raw matenals.

It1s another object of the present invention to provide a fuel
cell separator produced using a molding material prepared by
said method.

It 1s yet another object of the present invention to provide a
tuel cell comprising the fuel cell separator.

In accordance with one aspect of the present 1nvention,
there 1s provided a method for preparing a molding material
for a tuel cell separator by dissolving an epoxy resin, a hard-
ener, a hardening accelerator and a binder 1n acetone, mixing
a graphite powder with the solution, followed by drying and
grinding.

In accordance with another aspect of the present invention,
there 1s provided a molding material for a fuel cell separator
prepared by the method.

In accordance with another aspect of the present invention,
there 1s provided a fuel cell separator produced using the
molding material.

In accordance with yet another aspect of the present inven-
tion, there 1s provided a fuel cell comprising the fuel cell
separator.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and other advantages
of the present invention will be more clearly understood from
the following detailed description taken 1n conjunction with
the accompanying drawings, in which:

FIG. 1 1s a graph comparing the gas permeability of a fuel
cell separator produced by a method of the present invention
with that of a conventional fuel cell separator;

FIG. 2 1s a graph comparing the electrical conductivity of a
tuel cell separator produced by a method of the present inven-
tion with that of a conventional fuel cell separator;

FIG. 3 1s a graph comparing the flexural strength of a fuel
cell separator produced by a method of the present invention
with that of a conventional fuel cell separator; and

FIG. 4 1s a graph comparing the density of a fuel cell
separator produced by a method of the present invention with
that of a conventional fuel cell separator.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The present invention provides a molding material for a
tuel cell separator comprising an epoxy resin, a hardener, a
hardening accelerator, a binder and a graphite powder as
essential components.

For better homogenizing of the components, the molding
material of the present mnvention 1s prepared in accordance
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with the following procedure. First, the epoxy resin, the hard-
ener, the hardening accelerator and the binder are dissolved 1n
acetone. Then, a graphite powder 1s mixed with the solution to
obtain a slurry. Thereafter, the slurry 1s dnied and ground to
prepare the final molding material.

According to the method of the present mvention, the
graphite powder 1s preferably used 1n an amount of from 400
to 2,200 parts by weight, based on 100 parts by weight of the
epoxy resin. It1s preferred that the graphite powder 1s a planar
expanded powder. The particle size of the graphite powder 1s
dependent upon the application and characteristics of the
graphite powder, but 1s preferably 1n the range between 0.005
and 0.15 mm in the method of the present invention.

Examples of suitable resins that can be used 1n the method
of the present invention include phenol resins, unsaturated
polyester resins(hereinafter, referred to as “UPE”) and epoxy
resins. Of these, epoxy resins are most preferred. The hard-
ener 15 used to harden the epoxy resin. As suitable hardeners,
there may be used amine-based and acid anhydride-based
hardeners. Acid anhydride-based hardeners are most pre-
terred. According to the method of the present invention, the
hardener 1s preferably used in an amount of from 30 to 85
parts by weight, based on 100 parts by weight of the epoxy
resin.

The hardening accelerator serves to shorten the hardening
time of the epoxy resin by the action of the hardener. Triph-
enyl phosphine (hereinafter, referred to as “TPP”) can be used
as the hardening accelerator. The amount of the TPP used 1s
preferably 1in the range of from 0.3 to 6 parts by weight, based
on 100 parts by weight of the epoxy resin.

The binder functions to enhance the binding characteristics
between the graphite powder and the resin. As the binder, a
silane can be used. The binder 1s preferably used in an amount
of from 0.3% to 6% by weight, based on the graphite powder.

For better homogenizing of the components, the epoxy
resin, the hardener, the hardening accelerator and the binder
are dissolved 1n acetone and are then mixed with the graphite
powder using a mixer where both revolution and rotation are
simultaneously performed.

For better homogenizing of the polymer material and the
other additives, the solvent (1.e. acetone) 1s evaporated by
allowing the mixture to stand 1n a vacuum oven at 30~60° C.
tor 1~6 hours, followed by drying and grinding, to prepare the
final molding matenal for a fuel cell separator.

The present invention will now be described in more detail
with reference to the following examples.

EXAMPLE 1

1,200 parts by weight of a graphite powder, 50 parts by
weight of an acid anhydride-based hardener, and 1 part by
weight of TPP as a hardening accelerator were added to 100
parts by weight of an epoxy resin. Silane as a binder was
added 1n an amount of 1% by weight, based on the graphite
powder. At this time, planar expanded graphite having an
average particle diameter 01 0.05 mm was used as the graphite
powder.

For homogeneous mixing, the epoxy resin, the hardener,
the hardeming accelerator and the binder were dissolved in
acetone, and then the graphite powder was mixed with the
solution using a mixer where both revolution and rotation are
simultaneously performed.

After the addition, the mixture was allowed to stand 1n a
vacuum oven at 50° C. for 3 hours to evaporate the acetone.
The dried mixture was then subjected to compression mold-
ing to produce a separator (hereinafter, referred to as an
“inventive separator”).
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4
COMPARATIVE EXAMPLE 1

A graphite powder in a spherical form having the same
particle size as the graphite powder used 1n Example 1 and a
thermosetting powdery resin were dry-mixed, and then the
mixture was subjected to compression molding to produce a
separator (hereinafter, referred to as a “conventional separa-
tor”). At this time, the mixing ratio between the polymer
material to the graphite powder and the conditions for the
compression molding were the same as 1n Example 1.

FIGS. 1 to 4 are graphs comparing the physical properties,
1.€. gas permeability (FI1G. 1), electrical conductivity (FI1G. 2),
flexural strength (FIG. 3) and density (FIG. 4), of the mven-
tive separator and the conventional separator.

As can be seen from FIG. 1, the mventive separator (Ex-
ample 1) shows a lower gas permeability than the conven-
tional separator (Comparative Example 1). The results in
FIGS. 2 and 3 indicate that the inventive separator (Example
1) shows much higher electrical conductivity and flexural
strength than the conventional separator (Comparative
Example 1). As 1s evident from the graph shown in FI1G. 4, the
inventive separator (Example 1) has a higher density than the
conventional separator (Comparative Example 1). Further,
the standard deviation bars shown 1n FIG. 4 demonstrate that
the inventive separator (Example 1) shows better uniformity
of physical properties than the conventional separator (Com-
parative Example 1).

As apparent from the above description, the tuel cell sepa-
rator, which 1s produced from the molding material prepared
by the method of the present mvention, shows very low gas
permeability, superior electrical conductivity, suificient
strength, and maximized uniformity throughout the overall
structure of the finished product.

Although the preferred embodiments of the present inven-
tion have been disclosed for illustrative purposes, those
skilled 1n the art will appreciate that various modifications,
additions and substitutions are possible, without departing
from the scope and spirit of the invention as disclosed 1n the
accompanying claims.

What 1s claimed 1s:

1. A method for preparing a molding material for a tuel cell
separator, comprising:

dissolving epoxy resin, a hardener, and a hardening accel-

crator with silane as a binder 1n acetone as a solvent to
obtain a solution;

then adding graphite powder to said solution and mixing to

obtain a mixture;

drying said mixture at 30 to 60° C. for 1 to 6 hours to obtain

a dried mixture; and

ogrinding said dried mixture, wherein

said hardener 1s an acid anhydride-based compound,

said hardener 1s used 1n an amount of 30 to 85 parts by
weight per 100 parts by weight of epoxy resin,

said hardening accelerator 1s triphenyl phosphine,

said hardening accelerator 1s used 1n an amount of 0.3 to
6 parts by weight per 100 parts by weight of epoxy
resin,

said graphite powder 1s a planar expanded graphite pow-
der having a particle size between 0.005 and 0.15 mm,
and

the mixing 1s carried out using a mixer where revolution

and rotation are simultaneously performed.

2. The method according to claim 1, wherein the graphite
powder 1s used 1n an amount of from 400 to 2,200 parts by
weilght based on 100 parts by weight of the epoxy resin.

3. The method according to claim 1, wherein said drying at
30 to 60° C. for 1 to 6 hours 1s done under vacuum.
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4. The method according to claim 1, wherein the silane 1s
used 1n an amount of from 0.3% to 6% by weight based on the
weight of graphite powder.

5. A molding material for a fuel cell separator prepared by
the method according to claim 4.

6. A fuel cell separator comprising a molding formed from
the molding material according to claim 3.

6

7. A Tuel cell comprising the fuel cell separator according,
to claim 6.
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